Anti-neutrophil cytoplasmic antibodies (ANCA) are directed against enzymes in the granules of polymorphonuclear leukocytes and the major ANCA antigens are the myeloid enzymes myeloperoxidase (MPO) and proteinase 3. 1,2 ANCA plays a role in both neutrophil activation and direct tissue injury in vitro, 3 suggesting that ANCA is involved in the pathogenesis of systemic vascular disorders. Clinically, ANCA is an important serum biomarker for diagnosing and monitoring systemic vasculitis. 4, 5 Pulmonary lesions often accompany microscopic polyangitis (MPA) and manifest in patients with MPO-ANCA. Pulmonary fibrosis was present in 36% of patients with MPA at the time of diagnosis. 6 A previous report demonstrated that chronic interstitial lesions are common histologic features in patients with MPO-ANCA based on the pathologic reviews. 7, 8 Thus, pulmonary fibrosis is now a recognized manifestation of MPA. Nada et al. reported three patients initially diagnosed with idiopathic pulmonary fibrosis (IPF) that developed pulmonary-renal vasculitis. 9 Since then, similar cases have accumulated in small clinical series, suggesting that patients with IPF can develop MPA. However, the association and sequence of pulmonary fibrosis and MPO-ANCA positivity and vasculitis has not been elucidated.
Here, we examined the MPO-ANCA positivity in consecutive patients with an initial diagnosis of IPF at hospital presentation and during the follow-up period, as well as the incidence of the development to MPA. In addition, we examined clinical, radiologic and histologic features of MPO-ANCA-positive patients. We also aimed to characterize the clinical picture predictive of MPO-ANCA-positive conversion in IPF.
Methods

Patient selection
This study was approved by the Institutional Ethics Committee approval of Oita University (No.151). We reviewed 85 consecutive patients with IPF diagnosed at the Oita University Hospital during the period between January 2000 and December 2009. The diagnosis of IPF was made on the basis of the criteria of the American Thoracic Society/European Respiratory Society international multidisciplinary consensus classification. 10 Patients were considered to have undifferentiated connective tissue disease (UCTD) if their medical record identified signs/symptoms and laboratory findings that met the criteria for UCTD as previously published. 11 We analyzed the incidence of the development to MPA during follow-up of the patients. MPA was diagnosed based on the Chapel Hill Consensus Conference nomenclature of systemic vasculitis. 12 To elucidate the incidence of MPO-ANCA positivity and MPO-ANCA-positive conversion in patients with IPF diagnosed at initial presentation, we excluded the patients with critical diseases, such as systemic vasculitis, malignancies and acute exacerbation of pulmonary fibrosis. One patient manifesting MPA at the first medical examination was excluded from this study. Also, 17 patients with malignancies, one patient with sepsis due to severe pneumonia and five patients who were complicated by acute exacerbation of the disease at initial presentation were also excluded.
Pulmonary function testing and bronchoalveolar lavage procedure
Pulmonary function testing was performed on all 61 patients at initial presentation. The carbon monoxide diffusing capacity was available in 51 patients.
Bronchoalveolar lavage (BAL) was performed on the characterization of the inflammatory cellular population. Briefly, a fiberoptic bronchoscope was wedged into the middle lobe or lingula. Saline solution was instilled in 3 aliquots of 50 ml and then BAL fluid specimens from the subjects were collected. After the total cell concentration was calculated, the cells were cytospun at 400 rpm for 5 min and 300 cells were differentially counted.
Chest high-resolution computed tomography scanning and histologic examination All patients with IPF underwent chest high-resolution computed tomography (HRCT) scanning at the time of initial presentation. The chest HRCT scans were obtained with a window setting for lung parenchyma (window width, 1600e1800 HU; window level, À600 to À700 HU) and mediastinum (window width, 300e350 HU; window level, 25e40 HU).
A surgical lung biopsy was available in 26 patients. In the MPO-ANCA positive IPF cases, a surgical biopsy was available in 6 and postmortem examination in 2 patients. In three of these patients, the biopsy was performed before MPO-ANCA became positive. The kidney biopsies were available in six patients with MPO-ANCA positivity. Five had needle biopsies and one an autopsy specimen. Serum MPO-ANCA was positive at the time of kidney biopsy.
Measurement of MPO-ANCA
We measured MPO-ANCA in 61 IPF patients at the initial hospital presentation and during the follow-up period. Blood samples were obtained from clotted blood following centrifugation at 1500 Â g at 4 C for 10 min, and stored at À80 C until the measurements were performed. MPO-ANCA was measured using an enzyme-linked immunosorbent assay kit (NIPRO, Japan) and the values above 20 EU were considered to be positive.
Statistics
Statistical analyses were performed using SPSS II software (SPSS Inc, Chicago, IL). Data are expressed as median and range. The ManneWhitney U-test was applied to elucidate the difference between the two independent groups. Fisher's exact probability test was used to compare dichotomous variables between the two groups. KaplaneMeier analysis was used to compare survival between groups. A p value of less than 0.05 was considered significant.
Results
Patient characteristics
The characteristics and laboratory findings of the study population at initial hospital presentation are shown in Table 1 . We enrolled 61 patients including 46 men and 15 women. The median age was 68 years (range 40e82 years). Forty-five patients were smokers.
The prevalence of MPO-ANCA and MPA in patients with IPF
In three of 61 patients (4.9%), MPO-ANCA was positive at the time of diagnosis (Table 1 ). All 61 patients were followed-up in our hospital and chronologic measurement of MPO-ANCA was performed until December 2010. During the follow-up period (median 40 months; range, 1e121 months), six patients exhibited positive conversion of MPO-ANCA. In contrast, negative conversion was not observed in the MPO-ANCA-positive patients during the course of observation without treatment. The total prevalence of MPO-ANCA positivity in the 61 subjects was 14.8%.
Clinical characteristics of MPO-ANCA positive pulmonary fibrosis
To clarify the characteristics of the MPO-ANCA-positive pulmonary fibrosis, we evaluated the clinical, radiologic and histologic characteristics of the nine patients positive for MPO-ANCA (Table 2) . Median age was 69 years (range, 57e75 years). All patients were men and smokers (2 current smokers and 7 ex-smokers). Three patients were positive for MPO-ANCA initially and 6 became positive during the follow-up period. The median duration between initial IPF diagnosis and conversion to MPO-ANCA positivity was 23 months (range. 0e71 months). The maximum levels of MPO-ANCA titers ranged from 22 to 1460 EU. At the time of detection, 3 patients presented with prolonged or recurrent fever, 2 patients presented with myalgia and a patient demonstrated unintentional weight loss. Lung histopathology was examined in 7 MPO-ANCA positive cases. A surgical lung biopsy was performed for 6 patients and 3 of these were examined prior to conversion. The histologic pattern was consistent with that of usual interstitial pneumonia. Alveolar hemorrhage or small vessel vasculitis was not observed. Prominent lymphoid follicle proliferation was observed in two cases. Postmortem examination of the lung for two cases showed alveolar hemorrhage, but no evidence of small vessel vasculitis. We also performed histopathologic examination of the kidney by a needle biopsy or at postmortem examination. We confirmed a diagnosis of MPA in 2 cases based on findings of crescentic glomerulonephritis compatible with MPO-ANCA-related nephropathy. The histopathological findings of the remaining 4 cases were mesangial proliferative glomerulonephritis, chronic tubulointerstitial nephritis, minor glomerular abnormalities, and normal findings, respectively. Thus, they were not diagnosed as MPO-ANCA related nephropathy. Three out of 9 patients (33%) with positive MPO-ANCA met UCTD criteria, whereas only 2 out of 52 (3.8%) patients with negative MPO-ANCA met the UCTD criteria. The prevalence of UCTD in MPO-ANCA-positive cases was statistically higher than that in MPO-ANCA-negative cases. (p Z 0.02).
Treatment and outcome
We retrospectively analyzed whether the treatment of the MPO-ANCA-positive patients was different to that given to IPF patients. As shown in Table 2 , eight of nine (89%) patients with positive MPO-ANCA were treated with corticosteroids, whereas 26 of 52 (50%) patients with IPF were treated with corticosteroids. There was a statistically significant difference (p Z 0.036). Immunosuppressants including azathioprine, cyclophosphamide or mizorbine were administered for four (44%) patients with MPO-ANCA-positive fibrosis and only one (2%) patients with IPF. Pirfenidone was given to seven patients with IPF. Thus treatment was different between MPO-ANCA-positive fibrosis and IPF. As for MPO-ANCApositive fibrosis, the treatment was started for progressive 
High-resolution computed tomography
In the initial HRCT scans of the nine MPO-ANCA-positive patients, there were subpleural reticular opacities, traction bronchiectasis and honeycombing (Fig. 1) . These findings were also frequently observed in MPO-ANCA-negative cases. No differences were found between the two groups.
Characteristics of cases developing MPO-ANCA positive conversion
In an attempt to predict which cases would develop MPO-ANCA positivity, we compared data between MPO-ANCA-positive and -negative PF patients (Table 3) . At the time of first medical examination, the positive antinuclear antibodies were found in 65% of the patients with MPO-ANCA-positive fibrosis and 50% of IPF. The incidence of positive anti-nuclear antibodies was not different between the two groups (p Z 0.488). Among several autoantibodies, the positive rate of rheumatoid factor or RA test of MPO-ANCA-positive fibrosis was significantly higher than that of IPF (p Z 0.006). As for pulmonary function test, value of carbon monoxide diffusion capacity (DLCO) of the MPO-ANCA-positive cases was lower than that of the negative group. The percentage of BALF eosinophils in the MPO-ANCApositive group was higher than that in the negative group (p Z 0.04). Low attenuation areas on HRCT were observed more frequently in the MPO-ANCA-positive group as compared with the MPO-ANCA-negative group (p Z 0.02).
Discussion
This report is the first to describe the prevalence and chronology of MPO-ANCA positivity and MPA in consecutive patients with an initial diagnosis of IPF. In the present study, 3 of 61 patients exhibited positive MPO-ANCA titers when first evaluated. During follow-up six addition patients became positive for MPO-ANCA. Thus, the prevalence of MPO-ANCA positivity increased over time. Among the nine patients with positive MPO-ANCA titers, the development of systemic vasculitis was confirmed in two.
In the present study, we measured MPO-ANCA for consecutive patients with an initial diagnosis of IPF and the prevalence of MPO-ANCA at the initial presentation was 4.9% and increased to 14.8% during the follow-up period. Previously, Nozu and colleagues reported higher prevalence of MPO-ANCA positivity. They showed that 19 patients (35.8%) were ANCA-positive (17 patients with positive MPO-ANCA and 2 patients with positive proteinase 3-ANCA). However there may be a selection bias in their study because ANCA was measured based only on the referring doctor's decision resulting in relatively high percentage of female patients. 13 Previously reported series indicated that IPF precedes the development of vasculitis in the majority cases.
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The precise mechanism of MPO-ANCA production in IPF, however, remains unclear. Given that MPO-ANCA is often detected in patients with suppurative respiratory disease and diffuse panbronchiolitis, 18, 19 it may be possible that MPO-ANCA would be produced as a result of neutrophil destruction during the chronic inflammation process.
HRCT subpleural reticular opacities, traction bronchiectasis and honeycombing were observed in all MPO-ANCA-positive subjects, however these findings were also found in MPO-ANCA-negative IPF patients (80.8%). Nozu and colleagues reported a similar result: honeycombing was observed in 73% patients with ANCA-positive pulmonary fibrosis and in 54.8% patients with ANCA-negative pulmonary fibrosis. 13 Corresponding to the CT findings, the lung histopathology of MPO-ANCA positive pulmonary fibrosis matched the pattern for usual interstitial pneumonia in an autopsy series of 11 cases, in which vasculitis was observed in 5 cases. 20 Our series add new data of the biopsy histopathology by examining 6 MPO-ANCA-positive patients before the development of MPA. Moreover, three patients were examined before MPO-ANCA positive conversion. As a result, the histopathologic pattern was compatible with the usual interstitial pneumonia pattern and no alveolar hemorrhage or small vessel vasculitis was observed in the lung specimens in any of the cases. Thus, it is difficult to clearly discriminate the MPO-ANCA-positive and MPO-ANCA-negative cases among patients with IPF based on radiologic and histologic findings, but honeycombing which is the most characteristic finding of IPF with MPO-ANCA positivity would be a stretch of one's imagination. In contrast, after MPA occurs, various CT findings including ground-glass attenuation, consolidation and nodules are observed in ANCA-positive lung fibrosis. 21 In this series, we reviewed nine IPF patients with MPO-ANCA at initial presentation or during follow-up. Interestingly, they were all smokers and frequently demonstrated low attenuation areas on their HRCT scans and also showed lower DLco in comparison with MPO-ANCA-negative cases. Similarly, Foulon et al. reported that cumulative cigarette smoking tended to be higher in ANCA-positive patients with pulmonary fibrosis than in ANCA-negative controls. 22 A previous report by Sessa et al. described a higher prevalence of smoking in patients with rapidly progressive glomerulonephritis due to ANCA associated small vessel vasculitis. 23 Cigarette smoke is likely associated with MPO expression on epithelial cells and induces neutrophilic infiltration into the lung tissue through proinflammatory cytokine production. 24 Abundant MPO in the lung tissue might contribute to the generation of MPO-ANCA.
In patients who acquired MPO-ANCA we sought to determine the factors which predict this conversion. These patients had BAL eosinophilia and a higher coincidence of low attenuation areas on HRCT. We recommend measurement of MPO-ANCA during follow-up periods if these features were present initially.
MPA is a serious complication in MPO-ANCA-positive patients. Foulon and colleagues reported that MPA occurred in 5 of 6 (83.3%) patients with MPO-ANCA positivity and pulmonary fibrosis. 22 In our study, MPA was histologically diagnosed in 2 of 9 (22.2%) patients with positive MPO-ANCA, which may indicate a lower prevalence of MPA. The difference in the prevalence may be due to a recall bias with identification of the ANCA-positive patients with vasculitis in the previous study.
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Rheumatologic studies have estimated that as many as 25% of patients with features of a systemic autoimmune disease do not fulfill American College of Rheumatology (ACR) classification criteria for connective tissue disease (CTD). These patients are considered to have diffuse or undifferentiated connective tissue disease (UCTD). 25e29 Kinder et al. recently showed that the majority of patients (83%) who met the UCTD criteria had distinct radiological and pathological features of NSIP, whereas the frequency of the patient with IPF/UIP who met the UCTD was unusual (6%).
11 Also, Corte et al. demonstrated that UCTD was present in 31% of NSIP and 13% of IPF. 30 In our study, five of 61 patients (8.2%) diagnosed as IPF at first presentation met the UCTD criteria, suggesting that the UCTD seems to be uncommon manifestation in the patients with IPF. In this study, three out of nine patients (33%) with MPO-ANCA-positive pulmonary fibrosis met the UCTD criteria and two (22%) did the criteria for diagnosis of MPA. MPO-ANCA-positive pulmonary fibrosis may be a phenotype with CTD background among IPF. Our series contained three patients who had prolonged fever and/or myalgia with high MPO-ANCA titers. They did not satisfy the MPA criteria, however the patients were immediately treated with immunosuppressants. This finding suggests that early intervention could prevent the progression of vasculitis.
Homma and colleagues showed that positive MPO-ANCA is an unfavorable prognostic factor in patients with pulmonary fibrosis. 20 In addition, Nozu and colleagues demonstrated that a high titer of ANCA is associated with a poor prognosis as well as the occurrence of MPA. 13 In the present study, 5 of 6 patients with MPO-ANCA titers over 100 EU died, while 2 of 3 patients with titers below 100 EU survived, which agreed with the data by Nozu et al. 13 On the while, the cumulative survival rate of MPO-ANCA-positive cases after diagnosis of IPF was comparable to that of MPO-ANCA-negative IPF patients. However, vasculitis appeared to be well controlled in most cases. Our data indicate that serial measurement of MPO-ANCA and early intervention may improve the outcome of MPO-ANCA positive pulmonary fibrosis.
This study demonstrated occasional MPO-ANCA positive conversion in IPF patients and among those that show conversion, some develop MPA. BAL eosinophilia and low attenuation areas on HRCT scans may predict the positive conversion of MPO-ANCA. Because the sample size of this study is small, we cannot determine the precise incidence of MPO-ANCA positivity in IPF. However, this follow-up survey is of significant value to show that MPO-ANCA conversion can occur in the IPF patients in a certain ratio. In the future, further prospective study should be required.
